T his study investigated relationships between lower-body power, measured by a vertical jump (VJ) and standing broad jump (SBJ), with multidirectional speed in collegiate female rugby players. The rugby player data was compared to that of general team sport athletes to ascertain whether there were characteristics specific to collegiate rugby players. Multi- 
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T his study investigated relationships between lower-body power, measured by a vertical jump (VJ) and standing broad jump (SBJ), with multidirectional speed in collegiate female rugby players. The rugby player data was compared to that of general team sport athletes to ascertain whether there were characteristics specific to collegiate rugby players. Multidirectional speed was measured by a 20-meter (m) sprint (0-5, 0-10, 0-20 m intervals) and 505 change-of-direction speed test. Eight rugby players and eight team sport athletes completed all tests. Spearman's correlations calculated relationships between the VJ and SBJ with the speed tests, and stepwise multiple regressions determined whether the jump tests predicted speed performance (p ≤ 0.05). For the rugby players, the VJ correlated with the 0-20 m interval (r = -0.73). The SBJ correlated with the 0-5 and 0-10 m intervals, and the left-leg 505 (r = -0.71 to -0.88), and predicted 0-5 m and left-leg 505 time (r 2 = 0.50-0.58). For the team sport athletes, only the VJ correlated with leftleg 505 (r = -0.80), and predicted left-and right-leg 505 times (r 2 = 0.61-0.69). The results suggest that horizontal power measured by a SBJ has a greater contribution to multidirectional speed in collegiate female rugby players.
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Introduction
Women's rugby union, or rugby as it is commonly called, has been recognized as an emerging sport by the National Collegiate Athletic Association (NCAA) in the USA (NCAA, 2015) , which should increase the potential for greater institutional support and opportunities for collegiate female players. Accordingly, it is important for rugby and strength and conditioning coaches to understand the characteristics of their players, as this information can drive their training practices. An example of an important physical trait for rugby players is lower-body power (Argus et al., 2012; Barr et al., 2014; Gamble, 2004; Hene et al., 2011) .
Lower-body power is a foundation for faster running speeds in athletes (Barr et al., 2014; de Lacey et al., 2014; Delaney et al., 2015; Lockie et al., 2011) . A further consideration for rugby players is that they need to be fast in multiple directions. Multidirectional speed encompasses both linear and change-ofdirection (COD) speed (Lockie et al., 2012c) . Linear speed involves straightline sprinting; COD speed combines the ability to accelerate and decelerate rapidly, and change direction, which is a component of agility (Young and Farrow, 2006) . Lower-body power is often extrapolated through performance in jump tests (Meylan et al., 2009) . Although jumping does not provide a direct measure of power, jump assessments are easy to administer by a coach, and they provide a valid assessment of an athlete's physical capacity (Burr et al., 2007) . The relationship between jump tests and speed has been investigated within the literature. The general consensus is that athletes with better jump performance, and by extension greater lower-body power, will tend to be faster in multidirectional speed tests (Delaney et al., 2015; Lockie et al., 2012a; Lockie et al., 2011; Sierer et al., 2008 ).
An issue with much of this research, however, is that they involved only male participants. Gender can influence a number of physiological and biomechanical attributes, including strength and power, movement technique, muscle activation patterns, and anatomy (e.g. Q-angle, femoral notch width) (Grandstrand et al., 2006; Hart et al., 2007; Hewett et al., 2006; Spiteri et al., 2014a) . The relationships between leg power, as measured through tests such as the vertical countermovement jump (VJ) and standing broad jump (SBJ) could vary in a specific female population such as collegiate rugby players. By extension, this would also influence how lower-body power could interact with multidirectional sprinting. For example, Nimphius et al. (2010) found that better VJ performance in elite female softballers did not relate to faster linear speed as measured by a 10-meter (m) and 17.9-m sprint, or COD speed measured by the 505 test. In contrast, Barnes et al. (2007) found that VJ height did relate to faster COD speed measured by a test featuring four 5-m sprints with three 180º turns in collegiate female volleyball players. Clearly there is conjecture in the literature as to how lower-body power could influence multidirectional speed in female athletes.
There should also be specific analysis of female rugby players due to the different nature of this sport compared to other popular collegiate sports for females (e.g. basketball, volleyball, softball, and soccer) (Cheslock, 2008) . Although there are some similarities between these sports (i.e. the predominance of low-intensity activities such as walking and jogging, which are interspersed with high-intensity actions like running, sprinting, and sport-specific tasks), the sport-specific tasks for rugby are more novel (Suarez-Arrones et al., 2014; Virr et al., 2014) . Rugby is a full-contact, collision sport, where the ball is contested via tackling, rucking, and mauling. Gamble (2004) has noted the importance of the forceful, triple extension action of the legs in contesting and retaining possession in rucks and mauls, as well as the high-power actions required in jumping and tackling. The structure of the game could also influence the importance of lower-body power in rugby players (e.g. a greater need for horizontal power development), especially when compared to other team sport athletes. This, however, requires further investigation.
Therefore, the purpose of this study was to provide an introductory investigation of the relationships between lower-body power, as measured by VJ height and SBJ distance, with multidirectional speed in collegiate female rugby players. Multidirectional speed was measured by a 20-m sprint (Gabbett, 2007; Lockie et al., 2015) , while COD speed was measured by the 505 test (Gabbett, 2007; Lockie et al., 2015; Nimphius et al., 2010) . In addition to this, the results from the rugby players were compared to a cohort of general team sport athletes of a similar age to ascertain whether the influence of lower-body power varied across different populations. It was hypothesized that better performance in the VJ and SBJ would relate to faster performance in the multidirectional speed tests for both the rugby players and team sport athletes. However, the results would demonstrate that horizontal power as measured by the SBJ would be particularly important for rugby players.
Methods

Participants
Eight collegiate female rugby players (age = 21.50 ± 1.77 years; height = 1.60 ± 0.06 m; body mass = 67.57 ± 10.49 kilograms), and eight female recreational, college-aged team sport athletes (age = 21.00 ± 1.20 years; height = 1.66 ± 0.06 m; body mass = 64.50 ± 4.66 kilograms) were recruited to participate in this study. The rugby sample included five backs and three forwards. The team sport sample included three basketball players, four soccer players, and one softball player. Participants were recruited if they: (a) were 18 years of age or older; (b) were a member of the university's women's rugby team for the rugby players, or currently participated in a team sport; (c) had a training history (≥two times per week) in rugby or team sports that extended over the previous year; (d) were currently training for rugby or their current team sport (≥three hours per week); and (e) did not have any medical conditions compromising participation in the study. All participants were familiar with the tests performed in this study. The procedures were approved by the institutional ethics committee. All participants received an explanation of the research, including the risks and benefits of participation, and written informed consent was obtained prior to testing.
Procedures
The data collected for the rugby players and team sport athletes occurred in two different locations. This led to some variation in the data collection methods for the VJ, but the procedures were consistent for all other tests. All participants refrained from intensive exercise and stimulants in the 24-hour period prior to testing. Age, height, and body mass were recorded at the start of the first (or only) testing session. The same warm-up, consisting of 10 minutes of jogging at a self-selected pace, 10 minutes of dynamic stretching, followed by practice jumps and sprints over the test distances was completed by all participants. For both the jump and speed tests, 2-3 minutes recovery was provided between each trial.
The collegiate rugby players were tested outdoors in one session on a turf field in the evening at California State University, Northridge. The rugby participants completed the 20-m sprint first, followed by the SBJ and VJ, and the 505 test was completed last. Participants wore their own cleats for the 20-m sprint, SBJ, and 505, and their own running shoes with textured soles for the VJ test (as it was completed on a jump mat). The data collected for the team sport athletes was part of a larger study conducted at the University of Newcastle. For these participants, testing was conducted in a biomechanics laboratory, and each participant wore their own running shoes with textured soles for all tests. Two testing sessions separated by one week were used for the team sport participants, due to equipment and laboratory availabilities. The first session incorporated the 20-m sprint, followed by the SBJ and VJ. The second session involved assessment of the 505. Subjects were assessed at the same time of day for each session.
Vertical Countermovement Jump (VJ)
The VJ was used to indirectly measure leg power in the vertical plane. Due to the availability of different equipment, the VJ was measured by a jump mat (Just Jump, Probotics Inc., Huntsville) for the rugby participants, while a Yardstick device (Swift Performance Equipment, Wacol, Australia) was used for the team sport participants. Although this was not ideal, concessions were made to the procedures used in an attempt to maintain some uniformity with data collection. With regards to the rugby players, the participants initially stood on the jump mat keeping their heels on the floor, before completing a countermovement and jumping as high as possible. No preparatory step was used, and no restrictions were placed on the knee angle attained during the eccentric phase of the jump. Participants were also free to swing their arms during jump, to more closely match what is required in a VJ measured with a Yardstick. Participants were instructed to maintain straight legs during the flight, before landing on both feet with flexion of the hips, knees, and ankles. Within the software for the mat, jump height was calculated from flight time via the following equation: Jump Height = (½ x acceleration due to gravity [-9.81 ). Calculation of jump height using projectile motion equations has been used in previous research (Lockie et al., 2011) .
As stated, a Yardstick device measured jump performance for the team sport athletes. For this assessment, the participants stood side-on to the Yardstick (on the participants' dominant side), and while keeping their heels on the floor, reached upward to displace as many vanes as possible. The last vane moved was recorded as the standing reach height. The VJ involved the participant jumping as high as possible using a two-foot take-off with no preparatory step, with no restrictions placed on countermovement range of motion. Height was recorded in centimeters (cm) from the highest vane moved, and vertical jump height was calculated by subtracting the standing reach height from the jump height. This value was then converted into meters. Regardless of the protocol used, each participant completed three trials, and the average was used for analysis.
Standing Broad Jump (SBJ)
The SBJ was used to indirectly measure leg power in the horizontal plane, and was performed according to established methods for all participants (Lockie et al., 2012a; Lockie et al., 2015) . The participant placed the toes of both feet on the back of the starting line, and with a simultaneous arm swing and crouch, then jumped forward as far forward as possible, ensuring a two-footed landing. Participants had to 'stick' the landing for the trial to be counted. If not, the trial was disregarded and another completed. No restrictions were placed on body angles attained during the preparatory phase of the jump, or the degree of arm swing used. Distance was measured using a standard tape measure, which was the perpendicular line from the front of the start line to the posterior surface of the back heel at the landing. Three trials for the SBJ were completed, with the average used for analysis. (Lockie et al., 2011) . The 0-10 and 0-20 m intervals have also been used to assess speed in female rugby league players (Gabbett, 2007) , which is a similar population to rugby players. Gate height was set at 1.2 m, and width at 1.5 m. Participants began the sprint from a standing start 50 cm behind the start line to trigger the first gate. Once ready, participants started in their own time, and were instructed to run maximally once they initiated their sprint. Participants completed three trials, and the average time for each interval was used for analysis. If the participant rocked backwards or forwards prior to starting, the trial was disregarded and repeated. Time for each interval was recorded to the nearest 0.001 s.
20-m Sprint
COD Speed Test
The 505 was selected as the COD assessment in this study due to its common use in team sport athlete assessment (Farrow et al., 2005; Gabbett, 2007; Lockie et al., 2013a; Maio Alves et al., 2010; Nimphius et al., 2010) , and that it can isolate the COD ability for each leg (Gabbett, 2007; Lockie et al., 2015; Nimphius et al., 2010) . The 505 was structured as per established methods (Draper and Lancaster, 1985) , with one timing gate (Figure 1 ). During the warm-up, participants familiarized themselves with the movement patterns required for the 505, and used a standing start. The participants sprinted through the timing gate to the turning line, indicated by a line marked on the field and markers. Participants were to place either the left or right foot, depending on the trial, on the line and turn 180°, before sprinting back through the gate. Three trials were recorded for turns off the left and right foot, the order of which was randomized amongst the participants. Gate height was set at 1.2 m, with a width of 1.5 m, and time was recorded to the nearest 0.001 s. If the participant changed direction before hitting the turning point, or turned off the incorrect foot, the trial was disregarded and reattempted. The average time was calculated for each leg from the three trials. To further isolate COD ability, the COD deficit (CODD) was also used in this study. As stated by Nimphius et al. (2013) , the CODD documents the effect that one directional change can have on running when compared to a pure linear sprint over an equivalent distance. Thus, the CODD for the 505 for each leg was calculated through the formula: average 505 time -average 10-m time . The average 10-m time was taken from the 20-m sprint.
Statistical Analysis
All statistics were computed using the Statistics Package for Social Sciences Version 22.0 (IBM, Armonk, United States of America). Descriptive statistics (mean ± standard deviation; 95% confidence intervals) were used to profile each variable. Due to the sample size, performance test data distribution was checked with Q-Q plots and the Shapiro-Wilk test. A one-way analysis of variance was used to compare the jump and speed tests data for the rugby and team sport groups, with significance set at p ≤ 0.05. Effect sizes (Cohen's d) were also calculated for the between-group comparisons, where the difference between the means was divided by the pooled standard deviations (Cohen, 1988) . For the purpose of this research, 0.19 or less was considered a trivial effect; 0.20 to 0.59 a small effect; 0.60 to 1.19 a moderate effect; 1.20 to 1.99 a large effect; 2.00 to 3.99 a very large effect; and 4.00 and above an extremely large effect (Hopkins, 2004) . Similar to previous team sport athlete research and due to the sample size , Spearman's correlations (p ≤ 0.05) computed relationships between the jump and speed tests separately for the rugby player and team sport athlete groups. The correlation coefficient strength was designated as per Hopkins (2009) . A rho (ρ) value between 0 to 0.3, or 0 to -0.3, was small; 0.31 to 0.49, or -0.31 to -0.49, moderate; 0.5 to 0.69, or -0.5 to -0.69, large; 0.7 to 0.89, or -0.7 to -0.89, very large; and 0.9 to 1, or -0.9 to -1, near perfect for predicting relationships. Stepwise multiple regression analyses (p ≤ 0.05) were conducted for the 0-5 m, 0-10 m, and 0-20 m sprint intervals, 505 for each leg, and CODD for each leg (each acted as a dependent variable), with the VJ and SBJ. This determined whether the jumps could predict performance in the particular multidirectional speed test.
Results
There were no significant differences in age ( p = 0.44; d = 0.33), height ( p = 0.08; d = 1.00), or body mass ( p = 0.47; d = 0.38) between the rugby player and team sport athlete groups. In addition to this, there were no significant between-group differences in any of the jump or multidirectional speed tests (Table 1) . Table 2 displays the correlation data for both the rugby players and team sport athletes. All significant relationships were negative, indicating that a better jump performance related to a faster multidirectional speed test time. With regards to the rugby players, the VJ had very large relationships with the 0-10 m and 0-20 m intervals from the 20-m sprint. There were also very large relationships between the SBJ and the 0-5 m and 0-10 m intervals from the 20-m sprint, as well as the left-leg 505. There was only one significant correlation for the team sport athletes, with a very large relationship found between the VJ and left-leg 505. There were only two multidirectional speed tests that had a predictive relationship with the jump tests for both the rugby and team sport groups (Table 3) . For the rugby players, there was 50% explained variance between the SBJ and 0-5 m time, and 58% explained variance between the SBJ and left-leg 505 time. With regards to the team sport athletes, the VJ explained 69% and 61% of the variance for the left-and right-leg 505 time, respectively. 
Discussion
This study provided an introductory analysis as to the influence of lower-body power, measured by the VJ and SBJ, on multidirectional speed in collegiate female rugby players. This was contrasted to an analysis of a sample of similar-aged female team sport athletes to ascertain whether vertical (VJ) or horizontal power (SBJ) was relatively more important for rugby players compared to athletes from other sports. The mean age, height, and body mass were similar between the two groups, although there was a moderate effect (d = 1.00) for the difference in height (the team sport sample was taller). This may have been due to the presence of three basketball players in this group, as these athletes tend to be taller when compared to players from other team sports (Bayios et al., 2006; Drinkwater et al., 2008) . Nevertheless, there were also no significant differences between the rugby and team sport groups in the jump and multidirectional speed tests (Table 1) . This occurred even with the different methods used to measure VJ, and the different locations for data collection for each group. Although there did seem to be moderate effects for the differences in the left-leg 505, left-leg CODD, and right-leg 505 (the rugby players were slower), none of these differences were significant. This could have been influenced by the different testing locations (i.e. a turf field vs. a concrete laboratory floor). Regardless, it can be assumed that the participants from each group in this study were physically similar.
There were relatively few significant correlations between the jump and speed tests for both the rugby and team sport groups, which is not atypical for this type of analysis (Lockie et al., 2014; Lockie et al., 2011; McCurdy et al., 2010; Meylan et al., 2009) . Nonetheless, there were still some interesting results. For the team sport group, there was only one significant relationship, between the VJ and left-leg 505 ( Table 2 ). The VJ was also the involved in both predictive relationships for this group (left-and right-leg 505; Table 3 ). The mix of athletes in this group (three basketball players, four soccer players, and one softball player) could have influenced these results. Indeed, the importance of vertical jumping in both basketball (Ziv and Lidor, 2009 ) and soccer (Haugen et al., 2012; Sedano et al., 2009) would have had some effect. Nonetheless, given the importance of sprint acceleration for all team sport athletes (Lockie et al., 2011) , and the corresponding need for horizontal power (Brughelli et al., 2011; de Lacey et al., 2014; Lockie et al., 2012b) , it was noteworthy that the SBJ did not significantly correlate with nor predict any of the multidirectional speed tests for the team sport athlete group. This was not the case for the rugby players.
There were five significant correlations for the rugby group, which was in line with the hypotheses for this study. The VJ correlated with the 0-10 and 0-20 m sprint intervals, while the SBJ correlated 0-5 m, 0-10 m, and left-leg 505 (Table 1) . These results could be expected. Longer distance sprints (i.e. 20 m and above) place greater stress on the stretch-shortening capacities of the lowerbody muscles (Kraemer et al., 2000) , and the relative contribution of the vertical component of ground reaction force will increase as an athlete progresses over a sprint (Lockie et al., 2013b) . This provides some evidence as to why there were relationships between the VJ and speed over 10 m and 20 m. More notable, however, are the relationships between the SBJ and multidirectional speed for the collegiate female rugby players.
Better performance in the SBJ has been linked to faster linear sprint performance over distances of less than 30 m in male and female track sprinters (Baker and Bell, 1994) , and greater horizontal power has been associated with improvements in linear sprints over 5-20 m in male team sport athletes (Lockie et al., 2012b) . Taken together with the results from this study, greater horizontal power as measured by the SBJ provides some influence over faster running speed over the 0-5 m and 0-10 m sprint intervals in female rugby players. Further to this, a COD speed test that features a greater linear sprint distances places a greater emphasis on linear running speed Sayers, 2015) . As the 505 features two linear 5 m sprints interspersed around the COD, this may illustrate why there was a relationship between the SBJ and left-leg 505. In addition to the significant correlations, the SBJ also predicted the 0-5 m sprint and left-leg 505 as well. As stated, horizontal power is important for rugby players not just during sprinting, but also in rucking, mauling, and tackling (Gamble, 2004) . The nature of rugby places as emphasis on horizontal power development during sport-specific actions, which also appears to have some transfer to multidirectional speed in collegiate female players.
Despite these significant results, this study also highlights some of the limitations associated with the use of correlations analyses. As previously acknowledged, there were only a five significant correlations combined between the two groups ( Table 2 ). Factors such as participant body mass, physique, flexibility, movement technique, and leg strength can have an effect on the statistical models derived from correlations (Brughelli et al., 2008) . This is particularly relevant when considering the CODD for both legs, and the rightleg 505. Previous research has shown that an effective COD is dependent on the interplay between upper-and lower-body kinematics, ground kinetics, and physiological factors such as strength and power Spiteri et al., 2015; Spiteri et al., 2014b) . Indeed, the primary reason Nimphius et al. (2013) designed the CODD was to better isolate COD ability without the influence of linear sprinting speed. The results from this study provide support to the assertions of Nimphius et al. (2013) , as the VJ and SBJ did not relate to the CODD for the rugby players or team sport athletes. This suggests a different measure of COD performance for the CODD when compared to the total 505 time . Furthermore, the 505 results highlighted that each leg should be considered specifically when analyzing COD ability. There were significant relationships for both groups with the left-leg 505 (rugby players = SBJ; team sport athletes = VJ), but not for the right leg. Indeed, Lockie et al. (2014) has demonstrated that power measured via unilateral jumping for each leg can exhibit different relationships with multidirectional speed measured by a 20-m sprint, 505, and modified T-test in male team sport athletes. An avenue for future research in collegiate female rugby players is to investigate the COD characteristics of each leg.
There are other limitations that should be acknowledged. The sample size of rugby players and team sport athletes for each group was small (n = 8), although this did provide for an introductory analysis of collegiate female rugby players. Given that this research currently does not exist, despite the popularity of women's rugby within the US college system (NCAA, 2015) , this is an important first step in investigating this sport. Nevertheless, future research should incorporate larger numbers, and players from different levels of play (e.g. collegiate vs. international rugby players). This study only utilized the bilateral versions of the VJ and SBJ. As better unilateral VJ and SBJ performance has been found to relate to faster 20-m sprint, 505, and T-test performance in male team sport athletes (Lockie et al., 2014) , this would be worth investigating in collegiate female rugby players. Lateral jumps were also not used in this research, due to time constraints with the rugby players. Future research should incorporate lateral jumps in the analysis of women's rugby players, as superior performance in these jumps has also been related to faster multidirectional speed (Lockie et al., 2014) . Nevertheless, within the context of the study limitations, this initial exploratory investigation has indicated the importance of horizontal power, as measured by the SBJ, for collegiate female rugby players.
Conclusions
In conclusion, the results from this study suggest that horizontal power, as measured by a SBJ, contributes to multidirectional sprinting in collegiate female rugby players. The nature of rugby, which requires horizontal power for rucking, mauling, and tackling, could have influenced the relative importance of this variable. This contrasted the sample of the female team sport athletes from this study, who exhibited some relationship between the VJ with multidirectional sprinting, but no relationships with the SBJ. The practical application of the findings from this research for rugby and strength and conditioning coaches is that they should ensure their athletes can demonstrate appropriate horizontal power to potentially contribute to faster multidirectional sprinting.
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